The production of bacterial neuraminidase (E.C. 3.2.1.18) has usually been carried out with pathogenic strains which require the presence of glycoproteins or glycopeptides and other complex nutrients during growth (4, 7) . As a result, much remains to be learned about this induction process. We have recently reported the isolation of Arthrobacter sialophilus (6, 13) , which secretes an inducible, extracellular neuraminidase. We also have demonstrated that the formation of this neuraminidase requires de novo protein synthesis, since the addition of chloramphenicol or chlortetracycline to the minimal induction medium completely blocks the appearance of enzyme activity (6) . Our These data reinforce our previous surmise that neuraminidase induction is autocatalytic for NeuAc a-glycosides. This conclusion is particularly supported by the observations that NeuAc a-N-p-nitrophenyl glycoside, a marginal enzyme substrate (8a), and NeuAc a-2,6-thiogalactosylglycoside, a competitor inhibitor of the enzyme (8a), each failed to induce enzyme. These findings are partly in contrast to those observed for gratuitous analog ,-galactosidase inductions in Escherichia coli (1), but are in keeping with prior observations which show that galactose itself induces this enzyme in Streptomyces violaceus (12) and in E. coli mutants lacking galactokinase (3). Parenthetically, Boos et al. (3) have demonstrated the weak induction of P-D-galactosidase in E. coli by the galactose analog 1,5-anhydrogalactitol.
Our experiments did not indicate whether the a or the p anomer of NeuAc, or both, is an effective ligand for the induction process. In this regard, it has been shown (14) that anomeric specificity is indicated in the binding of ,-allolactose to the lac repressor. Nonetheless, our results suggest that the hemiketal at C-2 of NeuAc is not an essential function, since 2,3-dehydro-NeuAc and its derivatives were also inducers. When, however, the hydroxyl group is present, this substituent cannot undergo modification without loss of activity. This conclusion follows activity comparisons of NeuAc P-methylglycoside methyl ester (a noninducer) with 1B-NeuAc methyl ester, from which it differs in having a CH3 group instead of an H atom linked to the C-2 oxygen, and of NeuAc a-methylglycoside methyl ester (a marginal inducer) with aNeuAc methyl ester, from which it also differs in having a CH3 group instead of an H atom linked to the C-2 oxygen. We have previously reported that 2,3-dehydro-NeuAc and its methyl ester are transition state analogs for A. sialophilus neuraminidase (9, 11) . It is of some interest, therefore, that this analog for the catalytic process is also apparently best recognized by those proteins involved in enzyme induction. Since it is well documented that glycohydrolases can hydrate substrate-related glycals (8, 17) , it can be hypothesized that the observed induction by 2,3-dehydro-NeuAc reflects its obligatory enzymatic conversion to NeuAc. However, we have recently determined that the kC,, value for enzymatic hydration of 2,3-dehydro-NeuAc is about 10i times smaller than that for hydrolyses of representative NeuAc a-glycosides (J. Kessler, S. W. Tanenbaum, and M. Flashner, manuscript in preparation). Therefore, under the 6-h induction protocol utilized here (Table 1) , an insufficient amount of NeuAc would have been formed by this alternative catalytic route to account for the enhanced enzyme activity.
Inducer glycone carboxyl groups are required for optimum activity as revealed by diminished enzyme synthesis from either NeuAc methyl ester or 2,3-dehydro-NeuAc methyl ester (Table  1) . Furthermore, the essential C-4 hydroxy group must preferentially be in the equatorial configuration. This conclusion follows from the inactivity of 5-acetamido-2,6-anhydro-3,5-dideoxy-D-manno-non-2-en-4-ulosonic acid (2,3-dehydro-4-keto-NeuAc) and the diminished activity of 5-acetamido-2,6-anhydro-3,5-dideoxy-D-glycero-D-talo-non-2-en-onic acid (2,3- dehydro-4-epi-NeuAc). Recent work has, additionally, adduced critical roles for the C-4 hydroxyl group of NeuAc in substrate catalysis (2) and transition state inhibitor binding (9, 9a). (10) . The remaining compounds were synthesized in this laboratory and were resolved to homogeneity by high-pressure liquid chromatography as previously described (8a, 9, 9a, 11).
c The total amount of neuraminidase activity in-' duced with NeuAc was 0.85 U.
A further comparison of the structural requirements of NeuAc analogs for induction with those requirements necessary for enzyme catalysis can now be made. For both functions, NeuAc 0-glycosides are neither enzyme inducers nor enzyme substrates (5). The major difference in these two manifestations appears to be the role played by the carboxylate group, which must be unmodified for enzyme catalysis (5) but is only partially required for optimum enzyme induction. These preliminary studies have begun to define the substituents on the NeuAc molecule which are involved in induction. Work is in progress in our laboratory to prepare derivatives of NeuAc in which the N-acyl group and the C6 glycerol side chain are modified; such derivatives will allow for further conclusions regarding their respective roles in the overall process.
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